INTRODUCTION {#sec1-1}
============

Diabetes mellitus (DM) is a metabolic disease leading to abnormal fat, carbohydrate and protein metabolism. Two basic types of primary DM have been described as follows: insulin-dependent DM (IDDM; type 1) and non-IDDM type 2.\[[@ref1]\] Several studies have demonstrated that selected caries indicators, such as reduced salivary flow and counts of mutans streptococci, can be related to the metabolic control of DM and therefore may influence the caries process.

Reduced salivary flow rate caused by hyperglycemia is characteristic mainly for periods of poor metabolic control of diabetes. During this period, glucose leakage into the oral cavity may occur, thereby facilitating the growth of aciduric and acidogenic bacteria and caries lesion development.\[[@ref2]\] The main complications of DM affect the organs and tissues rich in capillary vessels, such as the kidney, retina and nerves. These complications are secondary to the development of microangiopathy.\[[@ref3]\] Similar changes in small vessels can be found in the oral tissues.\[[@ref4][@ref5]\]

The World Health Organization (WHO) estimates that the proportions of annual health budgets spent on DM-related illnesses range from 2.5% to 15%. At least 171 million people worldwide have DM. This figure is likely to more than double to 366 million by 2030 (WHO, 2006a).\[[@ref6]\] The WHO estimates that the number of diabetics in Iran will rise to 6,421,000 by the year 2030 (WHO, 2006b).\[[@ref7]\]

India ranks second with 66.8 million people with diabetes in 2014 following China which ranks first with 96.2 million diabetics. International Diabetes Federation estimates that currently, more than 387 million people worldwide have diabetes and it is estimated to increase to 592 million by 2035.\[[@ref8][@ref9]\] Several studies have reported a higher prevalence of caries for participants with DM, particularly for those with poorly controlled DM.\[[@ref10]\]

Our main purpose of the study was

To study and correlate the *Streptococcus mutans* (SM) count with dental caries andTo evaluate the effects of DM on dental caries in diabetic patients.

MATERIALS AND METHODS {#sec1-2}
=====================

Diabetic patients who reported to Rural Dental College, PIMS, Loni, Maharashtra, were included in this study. Case history of the patients was taken and decayed, missing and filled teeth (DMFT) were recorded. Informed consent was signed by the patient before sample collection. The study was approved by the Ethical Committee of Pravara Institute of Medical Sciences (Deemed University), Loni, Maharashtra, India.

Study group (Group A) consisted of 30 diagnosed cases of controlled DM and control group (Group B) consisted of 30 healthy nondiabetic participants with no specific age group. Type 2 diabetic patients with and without habits were included in this study. Patients with other systemic diseases were excluded from the study.

A participant was asked to rinse his/her mouth with water. Unstimulated saliva was collected by contacting the sterilized swab stick with the saliva of the oral cavity and was immediately passed into the Robertson\'s cooked-meat media and incubated at 37°C for 24 h. Next day, the turbidity appeared in the medium, which was then inoculated on sterile blood agar and MacConkey agar plates, using the sterile inoculating loop. The plates were again incubated at 37°C overnight. If growth occurred, it was studied in detail. Next day, colony characteristics were observed and Gram staining was done. Organisms were identified using standard biochemical tests.

When material containing growth was cultured by plating, the different bacteria were seen to grow as separate colonies, each of which was usually a pure culture descended from a single inoculated cell. Isolation is generally done by careful subculture from a plate culture bearing well-separated colonies. A single colony, suspected from its appearance of being that of a significant or pathogenic organism, was picked with an inoculating wire loop and subcultured in a tube or a plate of fresh sterile culture medium. The morphological and cultural characteristics of the organism were then used to do definitive tests.

Streptococci produced either α-hemolysis or β-hemolysis. The cultured colonies of streptococci were then passed in mannitol sugar for fermentation and kept in the incubator for 24 h. If the sugar after fermentation changed the color from blue to yellow, then it is streptococcus.

RESULTS {#sec1-3}
=======

Age- and sex-wise distribution of the cases under study showed that for Group A (study group), the average age in years for males was 59.47 and for females was 55.91. For Group B (control group), the average age in years for males was 50.79 and for females was 45.91, with a male: female ratio of 1.19:1 \[[Table 1](#T1){ref-type="table"}\].

###### 

Age and sex wise distribution of the cases under study in control and study group
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Distribution of organisms according to study and control groups showed that by applying Z-test for difference between two proportions, there was a highly significant difference between proportions of organisms SM, *Pseudomonas aeruginosa* (PA) and *Staphylococcus aureus* (SA) in study and control group (i.e., *P* \< 0.01) and significant for organisms, namely, Klebsiella (K) and non-hemolytic streptococci (i.e., *P* \< 0.05) and not significant for organism Enterobacter (E) (i.e., *P* \> 0.05) \[[Table 2](#T2){ref-type="table"}\].
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Distribution of Organisms according to study and control groups
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Comparison of mean values of DMFT index in study and control group showed that by applying Student\'s *t*-test, there was a highly significant difference between mean values of DMFT score in study and control group (i.e., *P* \< 0.01). Thus, dental caries is more in study group as compared to control group \[[Table 3](#T3){ref-type="table"}\].

###### 

Comparison of mean values of DMFT index in study and control group
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Association/correlation between blood sugar level and organisms in study group showed that by applying Chi-square test, it was found that there was a significant association between fasting blood sugar level and organisms in study group (i.e., *P* \< 0.05). Thus, as fasting blood sugar level increases, organisms also increase \[[Table 4](#T4){ref-type="table"}\].

###### 

Association/correlation between Blood sugar level and Organisms in Study group. Average fasting Blood Sugar level=153.33
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Comparison of mean values of DMFT in control and study group according to organisms showed that by applying Student\'s *t*-test, there was a highly significant difference between mean values of DMFT in organism type SM and E in study and control group (i.e., *P* \< 0.01) \[[Table 5](#T5){ref-type="table"}\].

###### 

Comparison of mean values of DMFT in Control and Study group according to organisms
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DISCUSSION {#sec1-4}
==========

The term "diabetes mellitus" is used to identify a group of disorders characterized by elevated levels of glucose in the blood. This elevation is the result of a deficiency in insulin secretion or an increased cellular resistance to the actions of insulin, leading to a variety of metabolic abnormalities involving carbohydrates, fats and proteins.

Diabetes represents an extreme disturbance in glucose metabolism with severe hyperglycemia and insulin deficiency. A number of oral disorders have been associated with DM such as dental caries, gingivitis, periodontitis, salivary dysfunction, altered taste, oral mucosal diseases and infections such as lichen planus, recurrent aphthous stomatitis and candidiasis.\[[@ref11][@ref12][@ref13]\]

The prevention of periodontal breakdown in diabetic patients is mostly based on the education of the individual. Thus, patients should be informed about the importance of oral health for diabetics, and they should be taught that the main symptom of periodontal disease is gingival bleeding.\[[@ref14]\] Candidiasis is a manifestation of an immunocompromised state, and a reduction in salivary flow is another risk factor for oral candidiasis.\[[@ref11]\]

The relationship between dental caries and DM is complex. Children with type 1 diabetes often are given diets that restrict their intake of carbohydrate-rich, cariogenic foods, whereas children and adults with type 2 diabetes -- which often is associated with obesity and intake of high-calorie and carbohydrate-rich food -- can be expected to have a greater exposure to cariogenic foods. Furthermore, a reduction in salivary flow has been reported in people with diabetes who have neuropathy.\[[@ref15]\] To know the effect of diabetes on dental caries in diabetic and control group, we used the DMFT index and found that the average score was more in diabetics (10.66) than in the control (5.6) group and the results were also statistically significant (*P* \< 0.01). The literature presents no consistent pattern regarding the relationship between dental caries and diabetes.\[[@ref10][@ref16][@ref17][@ref18][@ref19]\] However, Jones reported an elevated risk of caries due to DM\[[@ref19]\] which was in accordance with our study as we found that there was a highly significant difference between mean values of DMFT score in study and control group (i.e., *P* \< 0.01). Thus, dental caries was more in study group as compared to control group. We also found that in the study group, increased blood sugar levels caused increased SM count and were statistically significant (*P* \< 0.05). Therefore, higher the SM count more is the caries risk.

Siudikiene *et al*. found that high caries levels in diabetics were significantly associated with age, plaque score and decreased unstimulated salivary flow rate.\[[@ref2]\] Reduced salivary secretion increases the likelihood of caries, but good metabolic control prevents the most dangerous salivary changes such as high glucose content and lower pH, while a good diabetic diet, rich in fiber and low in simple carbohydrates, can slow down the production of plaque and the proliferation of acidogenic bacterial microflora.\[[@ref15][@ref20][@ref21][@ref22][@ref23][@ref24]\]

Sheridan *et al*. found that the presence of plaque, calculus, pocket formation, increased tooth mobility and tooth loss occurred with greater frequency in patients with decreased glucose tolerance.\[[@ref1][@ref25][@ref26][@ref27][@ref28][@ref29]\]

Twetman *et al*. demonstrated that diabetes with poor metabolic control developed three times more lesions during the study period than those with better metabolic control which was in accordance with our study, where increased blood sugar levels caused increased SM counts and were statistically significant (*P* \< 0.05).\[[@ref30]\]

Orbak *et al*. suggest that type 1 DM plays a significant role for dentition and oral health in children and adolescents. The children with type 1 DM are more likely to experience infections in connective tissues than children without type 1 DM. This is due to the fact that for children with type 1 DM, infection leads to loss of teeth.\[[@ref1]\]

Miko *et al*. found from their study that poor glycaemic control and the early onset of DM may increase the risk of dental caries, but appropriate oral hygiene together with satisfactory metabolic control may prevent the development of dental caries in adolescents with type 1 DM. According to their study, studied individuals had fewer decayed and more filled teeth.\[[@ref31]\]

Sri Kenneth *et al*. found from their study that decreased salivary pH and an increased incidence of dental caries was observed in participants with uncontrolled diabetes as compared to control group.\[[@ref32]\]

Satish *et al*. found from their study that glycosylated hemoglobin A1c was also determined in both type 2 diabetic patients and control group and a significant correlation was found between HbA1c and serum glucose concentrations in diabetic and control group, respectively.\[[@ref33]\]

Seethalakshmi *et al*. found that the mean DMFT index was higher in the study group when compared to that of the control group, whose findings are similar to our study.\[[@ref8]\] This is due to loss of protective mechanism of the saliva in diabetics. The cleansing and buffering action of saliva is also impaired. Low salivary pH promotes the growth of aciduric bacteria which then allows the acidogenic bacteria to proliferate creating an inhospitable environment for the protective oral bacteria. This allows for a shift in the oral environmental balance to favor cariogenic bacteria, which further lowers the salivary pH and the cycle continues.\[[@ref34]\]

Studies by Jawed *et al*. and Akpata *et al*. have reported increased incidence of dental caries among DM patients.\[[@ref35][@ref36]\]

Singh *et al*. reported that patients with type 2 DM have high rate of dental caries and are at high risk of caries development.\[[@ref37]\]

CONCLUSION {#sec1-5}
==========

We conclude from our study that with increased age, blood sugar levels, DMFT values, dental caries increases in diabetes group than in control groupThus, a diabetic patient should always see that he/she maintains his/her oral hygiene by following proper toothbrushing habitsDiabetics should take care to see that they get their teeth restored as early as possible, if decayedThey should follow the instructions given by the physician or the dietician for the intake of noncariogenic diet.
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